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ABSTRACT

Introduction. The purpose of this case study was to examine the differences in
muscle activation between the right and left sided upper trapezius, middle
trapezius, lower trapezius and serratus anterior in a participant with scapular
dyskinesis.
Methods. EMG activity was recorded using a Noraxont TeleMy02400 G2
telemetry unit with a sampling rate of 1 kHz on the aforementioned muscles.
Results. In comparing UE ratios of EMG activity, it appears that the left lower
trapezius exerts a significant amount more of energy than the right lower
trapezius.
Conclusion. This study may demonstrate the importance of bilateral lower
trapezius muscular strength training in order to counteract the anterior tilt motion
performed by the serratus anterior in patients with non-symptomatic scapular
dyskinesis.
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CHAPTER I
INTRODUCTION

Scapular dyskinesia has been a well studied topic over the past couple of
decades with the influence behind it being the prevalence of shoulder pain and
the correlation with poor scapular kinetics. In one study by Hillary, et al(2017),
they determined that in patients with scapular dyskinesis are not any more likely
to have pain due to their abnormal mechanics. Other purposes for studies have
been to determine which muscles accomplish different functions on the scapula,
including appropriate EMG ratios comparing the upper trapezius to the lower
trapezius and each of those muscles to the serratus anterior (Tomonobu, 2014).
Therefore, with scapular dyskinesis not being an absolute cause of pain, and
proper EMG ratios of different muscles already being researched this study's
purpose is to look at a single subject with scapular dyskinesis and determine
which muscles were causing the abnormal movement of the scapula during
shoulder abduction.
Purpose
The purpose of this pilot study was to analyze scapular biomechanics in a
single subject experiencing abnormal movement patterns in the left scapula with
bilateral shoulder abduction in a slow, moderate, and fast biomechanical speed.
Scapular dyskinesis has been a widely researched topic in physiotherapy as
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research has shown that many individuals experience minimal to no symptoms
with this diagnosis.
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CHAPTER II
METHODS

EMG activity was recorded using a Noraxont TeleMyo2400 G2 telemetry
unit with a sampling rate of 1 kHz. This was transmitted to a TeloMyo PC
interface card connected to a laptop computer which then stored all the data.
Data analysis was performed using the MyoResearch XP 1.07 software. Before
applying the EMG electrodes the skin was abraded and cleaned with isopropyl
alcohol. Blue Sensor (model M-OO-S) surface electrodes were used to pick up
the EMG activity.
The muscles tested were the right and left sided upper trapezius, middle
trapezius, lower trapezius and serratus anterior in the same subject. A video
camera was used to record the shoulder abduction motion. The video camera
was synced to the EMG data collection. The subject performed the abduction
motion at three different speeds (slow, moderate, fast) in time with a metronome.
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CHAPTER III
RESULTS

Tables 1 through 3 show the ratio of serratus activity to trapezius activity during
the three different abduction speeds. In all cases the ratio of the left serratus
anterior to left lower trapezius is below the ratio for the same muscles on the right
side of the body. This would indicate that during the abduction motion the left
serratus anterior is weaker than the right serratus anterior, at least in comparison
to the right serratus anterior. Figures 1 and 2 compare the same EMG activity in
graphic form. In all cases the left serratus anterior muscle does not appear to
elicit the same level of activity (as compared to the lower trapezius) as does the
right serratus anterior muscle.

Table 1. Ratios of Serratus Anterior EMG to Trapezius EMG During
Slow Speed Abduction (Mean EMG Amplitude shown in microvolts)

L Serratus (109): L Upper Trapezius (146) = .747
L Serratus (109): L Middle Trapezius (65.7) = 1.66
L Serratus (109): Lower Trapezius (161) = .677

R Serratus Anterior (113): R Upper Trapezius (122) - .926
R Serratus Anterior (113): R Middle Trapezius (51.6) = 2.19
R Serratus Anterior (113): R Lower Trapezius (33.7) - 3.35
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Table 2. Ratios of Serratus Anterior EMG to Trapezius EMG During
Moderate Speed Abduction (Mean EMG Amplitude shown in microvolts)

L Serratus Anterior (221): L Upper Trapezius(21 0) = 1.05
L Serratus Anterior(221): L Middle Trapezius(1 03) = 2.15
L Serratus Anterior(221): L Lower Trapezius(335) - 0.66

R Serratus Anterior (210): R Upper Trapezius(200) = 1.05
R Serratus Anterior(21 0): R Middle Trapezius(75.5) = 2.78
R Serratus Anterior(21 0): R Lower Trapezius(66.1) = 3.18

Table 3. Ratios of Serratus Anterior EMG to Trapezius EMG During
Fast Speed Abduction (Mean EMG Amplitude shown in microvolts)
L Serratus Anterior (225): L Upper Trapezius(209) = 1.08
L Serratus Anterior(225): L Middle Trapezius(109) = 2.06
L Serratus Anterior(225): L Lower Trapezius(390) = 0.577

R Serratus Anterior (215): R Upper Trapezius(206) = 1.04
R Serratus Anterior(215): R Middle Trapezius(66.8) = 3.22
R Serratus Anterior(215): R Lower Trapezius(79.1)
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Figure 1. Ratio of EMG Activity of Right Serratus Anterior to Trapezius Muscles at Three Different Speeds of Abduction.
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Figure 2. Ratio of EMG Activity of Left Serratus Anterior to Trapezius Muscles at Three Different Speeds of Abduction.
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CHAPTER IV
DISCUSSION
This pilot study compared EMG activity in the left and right serratus
anterior, left and right upper trapezius, left and right middle trapezius, and left
and right lower trapezius throughout full shoulder abduction. Based on previous
studies, the researchers in this study hypothesized that the test subject would
display decreased serratus anterior EMG activity on the left side causing an
anterior tilt and "winged" scapula with shoulder abduction. The subject in the
study was a male aged 20-30 years of age with no prior complaints or symptoms
of scapular pain or trauma. Upon visual examination, the patient displayed
moderate scapular winging on the left at rest with increased impairment ("winging
scapula") at 50% of normal shoulder flexion and abduction. Scapular dyskinesis
was present throughout entire motion during both elevation and depression as
well as with all three varying shoulder abduction velocities. At all speeds of
shoulder abduction, the serratus anterior on the left side showed a decreased
amount of EMG activity in comparison to the lower trapezius. This finding would
be consistent with an expected scapular winging on the left side.
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CHAPTER V
LIMITATIONS

There were several limitations that need to be considered when analyzing
this case study. A maximal voluntary contraction (MVC) was only recorded on
one side (left) of the subject, which limited the possible analysis of this subject's
EMG data. With only one side obtained, the experimenters were unable to use
this baseline and compare the left side to the right side of the subject on any data
analysis. Without being able to truly compare left to right sides of the subject, the
experimenters had to instead compare the ratios of muscle activity from either
side. The serratus anterior muscle activity was used as the nominator and same
side trapezius as the denominator to make the ratio of EMG muscle activity
which then could be compared side to side.
Future studies should gather this baseline MVC in order to truly compare
the left and right side of the subject in question. This was also a case study and
so only involved one patient with scapular dyskinesis. More subjects would be
required in future research to properly analyze the process and muscle
imbalances possibly involved in scapular dyskinesis of the general population.
Electrode placement was done by three different researchers using
standardized points for all the muscles involved in the study. With three separate
researchers applying the electrodes there could have been human error on
electrode placement from side to side and electrode to electrode.

22

REFERENCES
1.

Hermens HJ, et al. Seniam: European Recommendations for Surface
Electromyography. Roessingh Research and Development. 1999

2.

Ishigaki T, Yamanaka M, Hirokawa M, et al. Rehabilitation Exercises to
Induce Balanced Scapular Muscle Activity in an Anti-gravity Posture.
Journal of Physical Therapy Science. 2014;26(12): 1871-1874.

doi: 10.1589/jpts.26.1871.

3.

Plummer HA, Sum JC, Pozzi F, Varghese R, Michener LA. Observational
scapular dyskinesis: Known-groups validity in patients with and without
shoulder pain. Journal of Orthopedic Sports Physical Therapy.
2017;47(8):530-537.

4.

Zipp P. Recommendations for the standardization of lead positions in
surface electromyography. Eur J Appl Physiol. 1982;50:41-54.

23

